1. Introduction {#sec0005}
===============

Monteggia fracture-dislocation was described firstly by Giovanni Monteggia as the fracture of the proximal ulna associated with the anterior dislocation of the radial head in 1814 [@bib0005]. Monteggia fracture-dislocations were classified in four groups according to both level and the angulation of the ulna fracture and the direction of the radial head dislocation by Jose Luis Bado. The fracture of the proximal ulna metaphysis and the lateral dislocation of the radial head are classified as Bado type 3 lesions, exactly, as in our case. Approximately 20% of the Monteggia fractures are, type 3 lesions. Posterior interosseous nerve palsy is the most common nerve injury in Monteggia fracture-dislocations [@bib0010], [@bib0015]. Most of these injuries are neuropraxia and recover slowly after the anatomical reduction of the radial head [@bib0020].

The main aim of the treatment is the anatomical reduction of the ulna fracture and the radial head dislocation in both acute and chronic cases. Acute pediatric Monteggia lesions are commonly treated conservatively with closed reduction and casting [@bib0040]. Displaced fractures of the ulna, however, should be fixed by an intramedullary nail or plate and screws. The treatment of chronic Monteggia is challenging. There are various surgical techniques, described in the literature, as ulnar osteotomy, the open reduction of the radial head, annular ligament repair or reconstruction, bone grafting, ulna lengthening, or a combination of these [@bib0025], [@bib0030], [@bib0040], [@bib0045].

In our case, we report a missed fracture of the proximal ulna diaphysis and the lateral dislocation of the radial head with concomitant PIN palsy, which resolved after surgical treatment. One year postoperatively, we tested pain intensity, motion, stability, and function parameters of the elbow with Mayo Elbow Performance Score, which was excellent with 100 points [@bib0035]. The aim of this article is to contribute to the literature sharing our surgery experiences regarding this patient who achieved excellent functional and radiographic outcomes.

2. Presentation of case {#sec0010}
=======================

A 6-year-old girl applied to our hospital with right elbow pain and restricted motion in her right wrist. We learnt from her parents that she fell down from a swing on her right arm 4 weeks ago. There was no hospital administration after the injury. Four weeks later her parents noticed the weakness in her hand and the restricted motion of her elbow, especially in supination -- pronation arc. Physical examination showed proximal forearm tenderness and limited supination. The supination and pronation ranges were 0° and 90°, respectively, with the elbow at 90° of flexion. There was no sign of a vascular injury but she had limited extension of her wrist and fingers in neurologic examination. Sensorial examination was normal, however extensor muscle powers of wrist and fingers were graded 1/5.

Plain radiologic examination showed a fracture of the proximal ulnar diaphysis and a lateral dislocation of the radial head (Bado type III Monteggia fracture-dislocation) ([Fig. 1](#fig0005){ref-type="fig"}a, b). In the light of the findings above, we planned open reduction of the radial head, transverse ulnar osteotomy, and annular ligament repair without exploring PIN for the patient. This surgery was offered to the family to gain anatomic reduction of elbow structures and improve the arm function. After an informed consent for this treatment plan was obtained from parents of the patient, we performed the operation ([Fig. 2](#fig0010){ref-type="fig"}).

We preferred an extensile posterolateral approach (Boyd's approach) that allows one to combine the ulnar osteotomy, open reduction of the radial head, use of triceps tendon to reconstruct the annular ligament (if need arises) using a single incision. We were aware of an attempt to reduce the radiocapitellar joint is inefficient without a concomitant corrective ulnar osteotomy. Therefore, we firstly performed the transverse ulnar osteotomy at the apex of the deformity, which was fixated with an intramedullary Kirchner wire. We saw that the radial head was not reduced, in spite of the osteotomy. Open reduction of the radial head followed, which was observed as stable during the operation, so that fixation of the radiocapitellar joint was assessed as unnecessary. At the end of the case, rupture of the annular ligament was repaired to improve stability. After the operation, we applied a long arm cast at 90 ° of elbow flexion and forearm full supination. Post-operative congruent radiocapitellar reduction was radiographs were taken weekly to control the radiocapitellar congruency. Afterward long arm cast was removed at the end of the 6th week, the physical examination indicated 0° supination and full pronation. Active elbow range of motion exercises were started immediately. At 8th week of follow-up, PIN started to recover slowly which was evaluated with the degree of forearm supination. Supination was 20°, and total rotation arch of the forearm was 110°. At the 12th week, the intramedullary Kirchner wire was removed when viewing callus formation in plain radiographs. At 16th week follow-up, all of functions of the PIN were returned, and the supination was assessed as around 60°. One year post-operatively, full range of elbow motion in both coronal and sagittal plains was achieved ([Fig. 3](#fig0015){ref-type="fig"}). Plain radiographies showed that the radiocapitellar joint congruency was achieved ([Fig. 4](#fig0020){ref-type="fig"}a, b). Mayo Elbow performance Score was excellent with 100 points; the patient could continue her daily life without any limitation.

3. Discussion {#sec0015}
=============

Monteggia fracture-dislocation is a relatively rare injury, accounting for approximately 1% of all fractures of upper limb. In 1814, Giovanni Monteggia admitted two cases of the fracture of the proximal 1/3 of the ulna associated with the anterior radial head dislocation [@bib0090]. Later Bado attributed Monteggia lesion to define distinct types of dislocation of the radial head in Monteggia fractures [@bib0010]. Bado type I, is the original type, and is the most common type seen in children. While type II defines posterior dislocation of the radial head associated with ulnar metaphyseal fracture, type III represents lateral dislocation of the radial head. Type IV includes both ulnar and radial fractures with accompanying an anterior radial head dislocation [@bib0010], [@bib0015].

Monteggia fracture-dislocation can be missed in the emergency room if the angulation of the ulna fracture is minimal. Neglected or missed Monteggia fractures are described as cases presenting 4 weeks after the initial trauma [@bib0025].

Acute pediatric Monteggia fractures can be managed non-surgically with closed reduction and cast immobilization successfully. However chronic, neglected or missed Monteggia fractures may need various kinds of treatments. Several surgical techniques were described to manage this challenging injury such as ulnar and radial osteotomies, open or closed reduction of the radial head, repair or reconstruction of the annular ligament, temporary fixation of the radial head with a trans-articular wire, bone grafting, ulna lengthening using Ilizarov technique, radial head excision, or combination of these techniques. There is no clear consensus about the most favorable technique [@bib0025], [@bib0030], [@bib0040], [@bib0045], [@bib0060], [@bib0090]. The most commonly preferred technique is open reduction with ulnar osteotomy with or without annular ligament reconstruction in the literature. We preferred open reduction of the radial head, ulnar osteotomy, and repair of annular ligament. Open reduction alone may not be enough to achieve adequate reduction of the radial head. De Boek et al. [@bib0100] reported open reduction without annular ligament reconstruction and ulnar osteotomy in four patients with neglected Monteggia fracture dislocation. Their research showed excellent results. Nevertheless, patients who had healed or deformed ulna were excluded from their series [@bib0100]. On the other hand, Ladermann et al. [@bib0095] preferred ulnar osteotomy in all of their cases. They only recommend open radial head reduction when the reduction is not achieved spontaneously after the ulnar osteotomy [@bib0095].

The radiocapitellar joint is very sensitive to ulna length [@bib0095]. Therefore, ulnar osteotomy is the keystone treatment in achieving and maintaining reduction of the radial head in Monteggia fracture dislocation. Additionally, forearm bones work as an articular unit during supination and pronation; therefore, satisfied functional outcomes depend on achieving an optimum ulnar length. Ulnar fixation may be accomplished with pins, screws or plates [@bib0095]. We preferred simple intramedullary pin fixation; because, it needs minimal incision and avoids the problem of retained hardware ([Table 1](#tbl0005){ref-type="table"}).

Several surgeons recommend immediate open anatomic reduction of both the ulna fracture and the radial head dislocation [@bib0030], [@bib0045], [@bib0055], [@bib0095]. Delpont et al. reported good long term outcomes of the open anatomic restoration even one year after the injury [@bib0045]. Nakamura et al. [@bib0030] performed the open reduction of the radial head combined with ulnar osteotomy and annular ligament reconstruction in 22 pediatric cases. Their retrospective evaluation were showed that if the open reduction was performed when the patient was less than 20 years of age or within 3 years after the injury, good long term clinical and radiographic outcomes would be expected [@bib0030]. In our case, we preferred a similar technique as soon as the injury was diagnosed, which resulted satisfactory functional and radiographic outcomes.

Necessity of the radiocapitellar fixation is an another matter of debate in the treatment of Monteggia lesions. Although some authors advocate radiocapitellar fixation with the temporary Kirchner wire, some authors warn about a possible pin migration and osteoarthritic changes due to radiocapitellar pinning [@bib0025], [@bib0045], [@bib0085]. Delpont et al. [@bib0045] suggested that if the radial head is unstable after the ulnar osteotomy, surgeons should consider revising ulna osteotomy in terms of radiocapitellar pinning [@bib0045]. To achieve stable radiocapitellar joint was possible after the ulnar osteotomy; therefore, we did not employed pinning.

To decide whether to repair or reconstruct the annular ligament remains controversial. Some authors prefer annular ligament reconstruction in every case, however some others stated that the annular ligament reconstruction did not affect the radiocapitellar stability [@bib0020], [@bib0045], [@bib0055]. Tan et al. [@bib0065] reported that annular ligament was intact and interposed within the radiohumeral joint in their 35 pediatric cases of Monteggia injury. They advocate the open reduction of the annular ligament in every case [@bib0020], [@bib0065]. In chronic Monteggia lesions, if the annular ligament repair cannot be accomplished, reconstruction should be performed to achieve radiocapitellar joint stability [@bib0025], [@bib0050].

The incidence of PIN palsy in Monteggia fracture-dislocation has great variety in the literature (3.1% to 31.4%) (14). PIN palsy is generally recover after the anatomical reduction of the radial head as happened in our case [@bib0020], [@bib0065], [@bib0075], [@bib0080]. Controversially, Li Hai et al. suggested that every case of type III Monteggia fracture dislocation with concomitant PIN palsy and an irreducible radial head should be viewed as an indication for immediate surgical exploration to exclude PIN entrapment [@bib0070].

4. Conclusion {#sec0020}
=============

Whether acute or chronic, Monteggia injuries remain challenging for orthopedic surgeons. In case of neglected injury, there is no consensus about the definitive treatment in the literature. We presented a case of neglected Bado type III Monteggia fracture dislocation who underwent open reduction of the radial head, transverse ulnar osteotomy, annular ligament repair without exploring PIN, and observed excellent functional and radiographic outcomes. Therefore, we recommend anatomic and stable restoration of radiocapitellar joint by correcting ulna deformity. Radiocapitellar fixation and PIN exploration may not be necessary in all cases.
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![Preoperative radiographs of the patient during admission to our hospital.\
a: antero-posterior radiograph of the right elbow: displays the lateral dislocation of the radial head (Bado type-III lesion).\
b: lateral radiograph of the right elbow.](gr1){#fig0005}

![a and b Antero-posterior and lateral radiographs of the forearm at 1st day after the operation, displaying radiocapitellar congruency.](gr2){#fig0010}

![One year post-operatively, full range of elbow motion in both coronal and sagittal plains was achieved.](gr3){#fig0015}

![a and b 1 year follow-up antero-posterior and lateral radiographs display the radiocapitellar joint congruency.](gr4){#fig0020}

###### 

Timeline of the case report.

Table 1

  4 weeks before operation     Operation time                                          At 8th week of follow-up         At the 12th week of follow-up              At 16th week follow-up                       Postoperative 1 year
  ---------------------------- ------------------------------------------------------- -------------------------------- ------------------------------------------ -------------------------------------------- -------------------------------------------------------------
  Fall down from a swing       Admission to our hospital                               PIN started to recover slowly.   Callus formation was viewed in X-ray.      All of functions of the PIN were returned.   Full range of elbow motion
  Right elbow pain             Monteggia Bado type III and PIN palsy were diagnosed.                                    The intramedullary Kirchner was removed.                                                The radiocapitellar joint congruency was achieved in X-ray.
  Restricted motion            Operated                                                                                                                                                                         Mayo elbow performance index was 100.
  No hospital administration                                                                                                                                                                                    
